Recent studies have correlated high serum insulin-like growth factor-1 (IGF-1) with increased risk of several common cancers, primarily prostate, breast, colorectum, and lung (1-3 ); low concentrations of circulating IGF-1 have been associated with osteoporosis (4 ), impaired cognitive function (5 ), and heart disease (6 ). IGF-1 screening may help prevent chronic disease by identifying high-risk individuals (7, 8 ) . Although normal adult IGF-1 concentrations relative to age and sex have been widely reported, based on cross-sectional data (9 -14 ), there have been few longitudinal studies. Most studies measuring multiple samples followed only a few individuals over short periods (15) (16) (17) (18) (19) . Knowing the degree of individual variation over longer time periods would be useful (20 ) .
Recent studies have correlated high serum insulin-like growth factor-1 (IGF-1) with increased risk of several common cancers, primarily prostate, breast, colorectum, and lung (1) (2) (3) ; low concentrations of circulating IGF-1 have been associated with osteoporosis (4 ), impaired cognitive function (5 ) , and heart disease (6 ) . IGF-1 screening may help prevent chronic disease by identifying high-risk individuals (7, 8 ) . Although normal adult IGF-1 concentrations relative to age and sex have been widely reported, based on cross-sectional data (9 -14 ) , there have been few longitudinal studies. Most studies measuring multiple samples followed only a few individuals over short periods (15) (16) (17) (18) (19) . Knowing the degree of individual variation over longer time periods would be useful (20 ) .
Staff volunteers gave informed consent for the study. Blood was drawn monthly between 0800 and 1000 in the morning from 26 apparently healthy adults, and medications and time of last meal were recorded. Within 1 h of collection, samples were centrifuged, and serum was stored at Ϫ20°C until analysis, which was within 1 month of collection. Serum IGF-1 was measured in 13 men (starting ages, 24 -77 years; median, 49 years) and 13 women (starting ages, 23-56 years; median, 41 years). The total number of samples from each individual varied from 13 to 56 (mean, 31), and they were collected over 1.2-6 years (mean, 4.5 years). Use of previously collected serum stored at Ϫ40°C extended the time period followed for two male volunteers to 16 years. In addition, multiple aliquots from three male volunteers (ages, 26, 44, and 75 years) used for assessing interassay variability were stored at Ϫ20°C for 1-12 months.
IGF-1 concentrations were measured by IRMAs from Diagnostic Systems Laboratories. Samples were extracted with acid-ethanol and assayed in duplicate. The intraassay CV was 3.0%. Interassay variability over 6 years was 10%, calculated from the weighted mean CV of the male aliquots mentioned and control pools from the assay manufacturer and Bio-Rad Laboratories. Adult IGF-1 reference intervals were 9.8 -91.5 nmol/L in men and women Ͻ51 years of age and 6.5-39.2 nmol/L for ages Ն51 years; these reference intervals were established using averaged duplicate measurements in 250 patients over eight assays.
IGF-1 reproducibility over 1 and 5 years was evaluated using the intraclass correlation coefficient (ICC) (21 ) . ICC () is the proportion of total variance of an observation associated with its class membership [i.e., ϭ (22, 23 ) . Category-specific ICCs were compared by the method described by Donner and Wells (24 ) . To determine trends in IGF-1 measures over time, either overall or within age or gender groups, a repeated-measures ANOVA was used. Corresponding significance levels using F-tests are provided for group, time, and group-by-time interactions. P values associated with time effects and group-by-time interactions are reported with the Greenhouse-Geisser adjustment correcting for lack of sphericity. Statistical tests (using Stata v.7) achieving critical levels of Ͻ0.05 were considered significant.
Each participant's IGF-1 value was plotted against age at the time of sample collection (Fig. 1A) and revealed a negative correlation with age: y ϭ Ϫ27.628ln(x) ϩ 143.67; SE ϭ 0.40. Two male volunteers, male 11 (age, 62 years; mean IGF-1, 24.8 Ϯ 4.4 nmol/L) and male 12 (age, 64 years; mean IGF-1, 12.8 Ϯ 2.1 nmol/L), were followed long enough to merit separate linear regression analyses on their data (Fig. 1B) . Their concentrations also showed a negative correlation with age over 16 years [male 11, y ϭ Ϫ26.706ln(x) ϩ 140.11 (SE ϭ 0.58); male 12, y ϭ Ϫ8.8335ln(x) ϩ 50.934 (SE ϭ 0.25)]. 
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Mean age and IGF-1 concentrations along with CVs were calculated over all observations for each individual. The mean concentration for all participants (mean age, 47.5 years; range, 25.5-80.3 years) averaged from individual means was 38.0 Ϯ 13.5 nmol/L. There was no appreciable difference between male and female mean values (38.0 Ϯ 14.1 and 37.9 Ϯ 12.7 nmol/L, respectively), although female participants were younger (41.3 vs 53.6 years). However, younger participants had a higher mean IGF-1 concentration (age Ͻ45 years, 48.0 Ϯ 7.5 nmol/L; age Ն45 years, 29.5 Ϯ 11.4 nmol/L; P ϭ 0.0001). The average participant CV was 19% (range, 12-29%).
IGF-1 reproducibility in individuals was assessed across 1 and 5 years ( Table 1 ). The measurement variability at different intervals was removed by selecting only three equidistant time points within each period: baseline, mid-point, and end. All 26 participants were included in the 1-year assessment, and 16 individuals (10 men and 6 women) were included in the 5-year assessment. Separate assessments by both age and gender were also made.
IGF-1 ICCs for 1 and 5 years were 0.79 [95% confidence interval (CI), 0.66 -0.91] and 0.74 (95% CI, 0.55-0.93), respectively. The ICC was calculated separately by gender for both time periods. Interestingly, the male ICC over 1 year was 0.90 (95% CI, 0.81-0.99), whereas among women it was appreciably lower at 0.69 (95% CI, 0.46 -0.93). Although the difference was smaller between genders, the 5-year male ICC of 0.77 (95% CI, 0.55-0.99) was also higher (female, 0.71; 95% CI, 0.36 -1.0). Neither 1-nor 5-year gender differences achieved statistical significance (P ϭ 0.12 and 0.78, respectively).
There were no statistical differences by age category in 1-and 5-year ICCs. For 1 year, the age Ͻ45 ICC was 0.69 (95% CI, 0.46 -0.92), whereas the age Ն45 ICC was 0.71 One-and 5-year concentrations were also analyzed for age (Ͻ45 vs Ն 45), gender, and time effects. Separate repeated-measures ANOVA showed neither a main gender effect at either 1 or 5 years (P ϭ 0.79 and 0.81, respectively) nor evidence of consistent change in mean IGF-1 over time over either 1 year (P ϭ 0.43) or 5 years (P ϭ 0.36). There was a significant main effect for age (P Ͻ0.001 and P ϭ 0.03, respectively) for both time periods. Individuals Ͻ45 years of age had higher concentrations than individuals Ն 45 years (mean difference over 1 year, 15.6 nmol/L; mean difference over 5 years, 16.6 nmol/L). Finally, for trends within demographic characteristics, time-by-age group and time-by-gender interactions were examined. For 1 and 5 years, there was no evidence of time-by-gender (P ϭ 0.34 and 0.23, respectively) or timeby-age group interactions (P ϭ 0.79 and 0.65, respectively).
Researchers measuring more than one IGF-1 concentration in an individual have found excellent agreement between measurements, comparing either two values (2, 3, 15 ) or multiple values over short periods (16 -19 ) . Our data show that during 1-and 5-year intervals, IGF-1 concentrations remain stable; however, individual IGF-1 variation, as expressed in the average participant's CV of 19%, was greater than expected.
The data were analyzed to determine whether withinperson variability affected the reliability of IGF-1 as a biomarker. Both the 1-and 5-year ICCs (0.79 and 0.74, respectively) confirmed that most of the IGF-1 variability was between individuals rather than within individuals, a critical aspect for ascertaining disease associations with serum IGF-1 concentrations. Although this study had only 26 participants, between-person variances as reflected by the mean and 2 SD range (age Ͻ45 years, 48 Ϯ 15 nmol/L; age Ն45 years, 29.5 Ϯ 22.8 nmol/L) fell comfortably within the reference interval established in our clinical laboratory and agree with the age-specific means reported by Yu et al. (10 ) , indicating that the between-person variances reported here are reasonable representations. In addition, variability from analytical error in this study was small (10%), although IGF-1 concentrations were measured in different assays. The reliability coefficients reported here are in the range of 0.6 -0.9 and are comparable to other biomarkers (25, 26 ) .
Reliability assessments, calculated separately by age and gender, showed that age does not affect the reliability of IGF-1 measurements. However, although not statistically significant, our findings of a male ICC of 0.90 vs female ICC of 0.69 suggest a difference in the variability of IGF-1 between men and women. It is unlikely that the menstrual cycle influenced IGF-1 variability (17, 27 ) , but oral estrogen replacement therapy is known to decrease IGF-1 concentrations (28, 29 ) . Several women took oral estrogens during the study. However, the small number of participants and the study design are inadequate to address whether the greater female variability of IGF-1 seen in this study depends on gender, estrogen usage, or sampling variability.
The lower IGF-1 concentrations shown here in older adults agree with previous findings. Both the negative slope of the regression by age and the lower mean concentration agree with others (9 -15 ) . However, when concentrations in individuals were examined, IGF-1 concentrations were stable over both 1-and 5-year time periods. In two older men, IGF-1 concentrations over 16 years gradually decreased with age, although both mean concentrations and rates were dissimilar (male 11, 24.8 Ϯ 4.4 nmol/L; male 12, 12.8 Ϯ 2.1 nmol/L). Previous studies of multiple IGF-1 concentrations in individuals established that concentrations vary little during the day and are unaffected by prandial status (16 -18 ) . We have shown here that they also remain relatively stable over a period of years.
In summary, participants maintained relatively constant IGF-1 concentrations over time. There were discernable differences between individuals, and assay error was negligible. A single IGF-1 determination is reliable and can be used in estimating disease risk after age adjustment. The concentrations of specific mRNAs, however, may change between specimen acquisition and the beginning of analysis, and these changes are not well understood. When blood is studied, specimen collection and sample preparation techniques by themselves may produce changes in gene expression ex vivo, e.g., it has been shown that anticoagulants cause ex vivo changes in cytokine production (2 ) .
Stabilization of Gene Expression Profiles in Blood after
If changes in gene expression occur after phlebotomy, the valid interpretation of basal mRNA expression data as sensitive markers in clinical studies requires the standardization of conditions for assaying patient blood samples. The current study was undertaken to analyze changes in gene expression in human peripheral blood stored ex vivo. We studied ex vivo changes in expression of several genes by use of quantitative, real-time RT-PCR and evaluated procedures for standardized blood sampling for molecular diagnostics.
After receiving informed consent, we obtained blood from healthy donors (23-60 years of age). Whole blood was collected with use of the VACUTAINER ® SafetyLok TM Blood Collection Set and either PAXgene TM Blood RNA Tubes (2.5 mL draw volume; PreAnalytiX) or EDTA tubes (VACUTAINER PLUS TM 6-mL dipotassium EDTA tubes). This investigation was performed according to the International Declarations of Helsinki and Tokyo. After phlebotomy, PAXgene Blood RNA Tubes were stored at room temperature until processing. Alternatively, immediately after phlebotomy, 1 mL of water and 6 mL of Trizol LS reagent (Invitrogen) were added to 1 mL of whole blood collected in EDTA tubes and stored at room temperature until processing. Blood was mixed with the reagent and incubated at room temperature until processing. To study ex vivo changes in gene expression, whole blood collected in EDTA tubes was stored under sterile conditions at room temperature and then processed using Trizol LS. Microbial contamination was excluded by sterility testing.
RNA was prepared from blood collected in PAXgene tubes with use of the PAXgene Blood RNA Kit (PreAnalytiX) according to the manufacturer's instructions, including DNase treatment. RNA was prepared by use of Trizol LS according to the manufacturer's instruction (Invitrogen). RT-PCR was performed with the QIAGEN OneStep RT-PCR Kit (QIAGEN) and gene-specific primers. Quantitative, real-time RT-PCR was performed with TaqMan assays on an ABI PRISM 7700 or 7900 instrument. Primers and probes were synthesized by TIB Molbiol. Sequences are available with the online version of this Technical Brief at http://www.clinchem.org/content/ vol48/issue12/. The amount of mRNA was calculated by the ⌬⌬C T method (3 ).
We first detected changes in concentrations of transcript of the proinflammatory cytokine tumor necrosis factor-␣ (TNF␣), which is known to be sensitive to extracellular stimuli in whole blood after phlebotomy (Fig. 1A) .
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